Introduction and Expression of CAT Gene in Rainbow Trout
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(Received March 11, 1992) RSV-CAT (Chloramphenicol acetyltransferase gene linked to the long terminal repeat of Rous sarcoma virus) was microinjected into the cytoplasm of 1-cell stage rainbow trout eggs. Eggs were pretreated with reduced-glutathione to facilitate microinjection. The survival rates of microinjected eggs were 77% at the eyed stage, 74% at hatching, and 70% at swimming-up; this did not differ from these of the control group. Seventy-day-old fish were cut along the symmetry axis. Right and left side tissues were utilized for DNA analysis and CAT assay respectively. In 6 individuals out of 10, RSV-CAT was integrated into the host genome and formed head-totail and tail-to-tail concatemers. Furthermore, acetylated chloramphenicol was detected in 9 individuals (including the above mentioned 6) out of 10. Therefore, these results suggest that in 6 out of 10 individuals RSV-CAT was expressed after integration into the host genome.
The study of foreign gene expression in host animals should be indispensable for the introduction of desirable genetic characters into individuals and their progeny by transgenic techniques. [1] [2] [3] Although several transgenic fish have been developed in recent years,4-8) reports on the expression of introduced genes are very few. RNAtranscript of introduced gene was detected in goldfish,9) and translation into protein was detected in medaka,10-13) zebrafish,14,15) carp,16) Atlantic salmon,17,18) and rainbow trout.18,19) Thus, medaka and zebrafish have often been utilized as experimental animals for studies of foreign gene expression. However, very few studies on foreign gene expression have been performed in economically important species for aquaculture, such as salmonids and cyprinids.
A major problem in the past has been the lack of suitable regulatory elements for transgene expression.
The objective of this study is the development of a suitable expression system for transgenic rainbow trout. For this purpose, we microinjected the RSV-CAT, chloramphenicol acetyltransferase (CAT) gene linked to the long terminal repeat (LTR) of Rous sarcoma virus (RSV), into fertilized eggs of rainbow trout (Oncorhynchus mykiss) and analyzed the fate and the expression of the injected gene.
RSV-LTR has strong promoter activity in various types of cells, derived from avian, mam- Figure 1 is a scheme of the construction of the plasmid used in this study. 
Materials and Methods

Construction of Plasmid
Results
Survival of 100 microinjected eggs was 77 at the eyed stage, 74% at hatching , and 70% at swimming-up. These data were similar to those of the control group (Table 1 ). In addition , these swim-up fry grew normally , as judged by external features and behavior .
To confirm the existence of RSV-CAT, Southern blot analysis was performed , using Hind III-and Hinc II-digested DNA of 70-day-old fish (Fig. 3) . After digestion of RSV-CAT with Hind III and Hinc II, a 1.5 kb fragment was observed (Fig. 2) . This fragment was detected in fish Nos. 1-6 and in the positive control.
However, in the negative control no signals were detected (Fig. 3, N) . These results suggest that RSV-CAT were present in host cells of fish Nos. 1-6. In relation to the intensity of 1.5 kb signals of positive controls, several copies of RSV-CAT were detected in the cells of fish Nos. 2, 3, and 6, but in fish No. 4, on average only 1 copy of RSV-CAT was detected in the cells. Moreover, in fish Nos. 1 and 5, less than 1 copy of RSV-CAT was observed. These positive samples were digested with Hind III and used for further Southern blot analysis. Hind III cleaved RSV-CAT at one site and generated 2 fragments of 0.4 and 1.65 kb (Fig. 4,  right) . However, Hind III digestion of all positive samples generated 2.05 kb fragments (Fig. 4, left) . These fragments are likely to be derived from Hind III-digested head-to-tail concatemers (Fig. 4, right) .
In addition, in fish Nos. 2, 3, 4, and 6, 3.3 kb fragments were detected (Fig. 4, left) . It appears, therefore, that RSV-CAT also formed tail-to-tail concatemers in these fish (Fig. 4, right) . Restriction maps at the right show the fragments generated by Hind III-digestion of head-to-tail and tail-to-tail concatenated RSV-CAT. Restriction map at the bottom shows the fragment generated by Pst I-digestion of RSV-CAT concatemers integrated into the host genome.
of integration (Fig. 5, bottom) , and the signals of Pst I-digested DNA would be located at a lower molecular weight than those of undigested DNA. On the other hand, if the concatemer were not integrated into the genome, Pst I-digestion would generate the fragment containing only the ex- To examine the expression of RSV-CAT in individual fish, CAT assay was performed.
If the CAT gene were expressed in the host cells, the tissue extracts would actively acetylate chloramphenicol.
In positive control, 1-acetylated chloramphenicol and 3-acetylated chloramphenicol were detected (Fig. 6 ). These acetylated chloramphenicol were also detected in samples with the exception of fish No. 8. Furthermore, there was no acetylated chloramphenicol in the negative control (Fig. 6, N) . These results suggest that the injected CAT gene was expressed in rainbow trout. Surprisingly, in fish Nos. 7, 9, and 10, CAT activity was also detected, although RSV-CAT was not observed by Southern blot analysis.
Discussion
The survival rate of microinjected eggs was very high in this study. The hatching rate and swimming-up rate were 95 and 96%, respectively, in relation to those of non-injected control fish. These data were similar to those of transgenic trout18,29,30) and salmon31) previously reported.
The transformation rate was also high, as judged by Southern blot analysis (about 60% Further studies arre reeeuired to understand the mechanism of integration of foreign DNA into the host genome.
The results obtained in this study showed that foreign genes were expressed in 90% of 70-dayold fish. In salmonids , there is little information on expression of foreign genes and characterization of promoters.
McEvoy et al . 17 ) reported that mouse metallothionein 5' upstream sequence had a promoter activity in transgenic rainbow trout. In addition , Inoue et al, 19) showed Miw promoter activity in rainbow trout embryo and hatched fry. However, McEvoy et al. 17 ) and Inoue et al. 19 ) did not report the integration of expressed foreign gene into the host genome . Moreover, Rokkones et al. 18 ) confirmed translational products of mouse metallothionein-human growth hormone fusion gene only in 4-day-old rainbow trout. In medaka , Chong et al.11) also reported that the expression level of pUSVCAT was reduced after gastrulation . For stable expression of foreign gene in transgenic fish , it is necessary that foreign genes be firmly integrated into the host genome . Here we found that RSV-LTR and SV40 terminator system is effective for foreign gene expression after integration into the host genome in 70-day-old rainbow trout .
In fish Nos. 7, 9, and 10 , RSV-CAT was not detected by Southern blot analysis , but CAT activity was clearly detected . This observation may be the result of remnant CAT activity of degraded RSV-CAT .
Alternatively, Southern blot analysis may not have been sensitive enough to detect potentially low levels of RSV -CAT , since there would be only a few cells carrying a small number of RSV-CAT copies among many non-carrying cells .
For a more efficient and accurate expression of foreign gene in transgenic fish , it would be advantageous to develop promoters derived from fish genes or fish-virus gene . Recently, several promoters of fish genes were characterized in cultured fish cells .14,21,36-38) Further research is in progress to determine the activity of promoter of fish gene, using transgenic rainbow trout in our laboratory.
